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An Overview

of Vocal Communication

in Squirrels

The study of animal behavior has long been a major component of the field of
biology because it is the link between an organism and its environment. An area of
animal behavior that is frequently studied is vocal behavior. The vocal calls of an animal
provide a tremendous amount of insight into how the animal interacts with other
members of its species. Vocal calls communicate a wide spectrum of information.
Auditory signals are used in the animal kingdom to attract a mate, to display aggression,
to notify others when a large supply of food is found, and also to sound an alarm to
warn of dangerous predators. Reviews of animal communication have argued that
animal signals inform listeners about both specific external events and the signaler's
level of motivation or arousal (Marler, 1992).

Vocal communication

is very prevalent in mammals, especially squirrels. It has

been suggested that squirrels' vocal behaviors function as alarm calls to warn others of
predators in the area (Thompson et aI., 2012). Species living in groups benefit from
sharing information

about predators (Sherman, 1977). The vocalizations of Gunnison's

prairie dogs (Cynomys gunnisoni)
include information

living in dense communities have been shown to

about predators (Slobodchikoff et aI., 1991). Hamilton (1964)

introduced the idea of vocalizations increasing the inclusive fitness of those making the
vocalizations. When an individual produces an alarm call, it increases the likelihood that
its nearby relatives will avoid a predator in the area. This behavior is also known as
nepotism. Nepotism is defined as favoritism towards relatives. Nepotism is thought to
be a major cause of alarm calls among ground squirrels {West-Eberhard, 1975}. Even if
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the individual making the call were to perish, its genes would be carried on to future
generations through its surviving relatives. The inclusive fitness benefits of alarm calling
only occur in species that live close to their relatives. The exact methods in which
nepotism is displayed, such as if certain sexes or relatives are more likely to make a
vocal call, have not been agreed upon by researchers (Schwagmeyer and Brown, 1981;
Blumstein and Armitage, 1997; Hauber and Sherman, 1998).

There is abundant research on ground squirrel reactions to conspecific
vocalizations. Playback studies on the Richardson's ground squirrel (5. richardsonii)

have

shown that multiple acoustic parameters interact with each other to relay a detailed
message about an encounter with a predator (Sloan et aI., 2005). These alarm calls also
playa role in establishing a community within the ground squirrel population. Multiple
ground squirrels will signal alarm calls in response to a predator which allows others to
track the predator's directional movement (Thompson and Hare, 2010). Columbian
ground squirrels were also documented producing churrs, social chirps, and shrill chirps
(Betts, 1976). The shrill chirps and churrs were produced in the presence of a predator
and the social chirps were produced after the predator had left the area. The
vocalizations of California ground squirrels (5. beecheyi) have been categorized into two
broad categories: chatters and whistles. Chatters are simple social vocalizations while
whistles are believed to be an alarm call (Ownings and Virginia, 1978). Similarly, Turner
(1973) categorized the vocal patterns of Belding's ground squirrels (5. beldingi) as either
chirps or trills.
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Alarm vocalizations also serve to protect the caller. Squirrels will give alarm calls
to attacking predators in order to alert them that they have been seen and therefore
discourage the attack (Sherman, 1985). A predator that relies on the element of surprise
will not continue pursuit of prey after it has been spotted (Schaller, 2009). Another
element of this hypothesis is the use of ventriloquial characteristics, where the
frequency of vocalizations renders the predator unable to determine the origin of the
call (Brown, 1982).

There are several factors that can affect vocal behavior and response. The effects
of location and human interaction have been studied. Previous studies that examined
the anti-predator

behavior of squirrels suggest that increased levels of human activity

decreased response behavior (Mccleery, 2009). There are at least two major
characteristics of an urban environment that could influence an animal's behavior. The
first is increased human activity. Increased human activity creates almost nonstop
predator stimuli for the squirrels in urban areas (Frid and Dill, 2002). These perpetual
disturbances may lead to alert behavior even if there is no actual risk of predation.
Eventually, the squirrels may become habituated to these stimuli and display alert
behavior less frequently.

The second factor within urban environments is the significant

reduction of the risk of predation due to the avoidance of most predators of heavily
populated areas. It has been hypothesized that the diminished threat of predation
might limit anti-predator

behavior (Coss, 1999).
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The age of the vocalizers may have an impact on the responsiveness of listeners.
Robinson (1980) determined that Belding's ground squirrels can differentiate between
vocalizers. The non-vocalizing squirrel's response was dependent upon the position of
the caller in the community hierarchy. Older individuals occupied higher hierarchal
positions than younger squirrels and calls produced by juveniles led to a much weaker
response than calls produced by adults (Robinson, 1980). Richardson's ground squirrels
(5permophilus richardsonii) also discriminate against callers based on social hierarchy
(Hare and Atkins, 2001). Hare and Atkins found a "boy-who-cried-wolf"

response, where

the calls of unreliable callers -- squirrels that produced a call when there was no
predator-elicited

diminishing responses. These findings support similar results of

Shriner (1999) who determined that golden-mantled ground squirrels (5. lateralis)
associate a certain call with the presence of a predator but become habituated to calls
of unreliable callers when exposed repeatedly without a predator nearby.

Past research has also inferred that vocalizations are affected by the
reproductive condition of the animal (Lishak, 1984a). Adult squirrel vocalizations and
responses to them change during the mating season as the primary focus of the animals
switched from acquiring food and avoiding predators to copulation (Lishak, 1982).
Several unique mating sounds were documented during the squirrel's mating season,
while other vocalizations are more frequent at other times of the year.

Squirrels are often both abundant in number and display a range of vocal
behavior (Thorington et aI., 2012). Mating calls in ground squirrels, in some cases,
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appear to closely resemble alarm calls. Male Columbian ground squirrels (So
columbianus)

often sound a loud call following mating as a form of mate guarding. This

keeps other males away and prevents extrapair copulations. However, when the same
call was played when mating had not occurred, the ground squirrel reacted as if it was
an alarm call (Manno et al., 2007).

Both young and adult California ground squirrels run to a burrow entrance or
stand in an alert posture near the entrance of their burrow upon hearing an alarm call
(Legar and Owings, 1978). This behavior is also commonly seen in thirteen-lined ground
squirrels (Sotridecemlineatus).
thirteen-lined

Prior research has characterized all vocalizations of

ground squirrels (Schwagmeyer and Brown, 1981). Alarm calls were

referred to as trill while peeps and squeals were reported to be used as mating calls and
a means of finding young, respectively.

Very limited research has been done on the vocalizations of fox (Sciurus niger)
and gray (Socarolinensis)

tree squirrels. With the advent of new technology capable of

focusing on the finest of details, the auditory signals of many species of tree squirrels
have been characterized. Lishak characterized the precise frequency and tonality of
each of the vocalizations of the gray squirrel. Vocal notes were either emitted singly or
in a mixed response. He classified five different calls as well as five distinct nestling
signals (Lishak, 1984a; 1984b).

The fox squirrel, like many tree squirrels, has a very characteristic bark.
Spectrograms were used to characterize the vocal calls of fox squirrels and classify them
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into seven different categories (Zelley, 1971). To date, the work done by Zelley is some
of the only published data about the vocal behavior of fox squirrels. His work led to a
better understanding of the behavior of these squirrels. Since the primary purpose of
Zelley's work was to determine the frequency and duration of common squirrel barks,
the environmental

causes of these barks were recorded as mere observations rather

than being systematically tested. However, Zelley's work did not reveal what an
individual was trying to convey with a bark call.

Research into the function of fox squirrel vocalizations is needed. What is the
reason for vocal communication,

such as a bark, in tree squirrels? After numerous

studies on ground squirrels, communication is attributed to inclusive fitness, nepotism,
and self-preservation.

However, it is not satisfactory to assume that tree squirrels

communicate for the same reasons. There are many differences in non-vocal behavior
between tree and ground squirrels. These factors might create different necessities for
vocal behavior. Research into the vocal communications of tree squirrels will help
contribute insight into these unanswered questions.
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Fox Squirrel

(Sciurrus

niger)

Response

to Bark Calls

Michael R. Keller
Butler University HonorsThesis,2014
Abstract
Sciurus niger (fox squirrel) produces a characteristic bark call that has long been

assumed to serve as an alarm call. However, to date, no definitive research has been
conducted to support these assumptions. Over the course of six months, I executed an
audio playback study with free-living fox squirrels in central Indiana. When a squirrel
came into view, its behavior was video recorded during a 30 second playing of either
an S. niger bark call or a cardinal (Cardinalis cardinals) control call. The subjects were
also filmed thirty seconds prior to and immediately following the call. Each squirrel's
behavior was scored to quantify its level of alertness and the results indicated that S.
niger does in fact respond to the bark as an alarm signal.

Introduction

Alarm vocalizations are auditory signals emitted by animals in response to
threats. Alarm calls are frequently observed in both birds and mammals. It has been
shown that some social animals vocalize in order to alert their kin to a predator in the
area (Smith 1978; Schwagmeyer 1980; Sherman 1985; Hoogland 1996; Hauber and
Sherman 1998). Alarm calling can be beneficial to the caller's fitness by increasing the
chance of survival of nearby relatives. Alarm calls also provide a direct benefit to the
caller by also functioning to alert predators that they have been noticed, thus removing
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the element of surprise and decreasing the predator's effectiveness (Schaller, 2009). A
predator that is not successful in an area might not visit that spot as frequently in the
future (Wakeley, 1978).

The alarm calls of ground squirrels have been studied extensively. While the
alarm vocalizations of many of these squirrels may seem rather simplistic to human
ears, each message has multiple acoustic parameters that interact with each other.
Using sound spectrograph technology, researchers have been able to document minute
differences in alarm calls with respect to the predator present. A specific combination
sends a very descriptive message about a predator in the area (Sloan et aI., 2005).
Within squirrel populations that live in close proximity to one another, multiple
individuals producing an alarm call can essentially track a predator's movement
(Slobodchikoff et al. 2012).

The characteristics of vocal calls have been studied in tree squirrels, including
gray (Sciurus carolineas)

and fox (Sciurus niger) squirrels. Lishak (1984b) identified

specific calls of gray squirrels as alarm calls and classified them based on note
morphology and sequences. Fox squirrel calls have also been classified into various
types such as chatter barks, tooth chatters, breathy barks, groans, grunts, whines, and
screams (Zelley, 1971). However, while Zelley was able to provide some of the most
extensive data on the physical characteristics of fox squirrel barks, he did not thoroughly
examine the function of the calls.
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Because calls have been shown to function as alarm calls in many other squirrel
species, I hypothesize that bark calls emitted by fox squirrels serve as alarm calls to
warn others of predators in the area. Recorded observations of the closely related gray
squirrel (Horwich 1972; Lishak 1984b) show that the bark calls serves an alarm function.
However, fox squirrels do not form social communities like gray squirrels (Derge and
Yahner, 2000). Animals in social communities have more beneficial interactions with one
another so it is not surprising to see the use of vocal calls to warn others. Becausefox
squirrels do not have these close social interactions, there may be reason to question
the similar function of bark calls in these two species. Alternatively, the call might serve
as a deterrent for predators, making them aware that they have been noticed. In either
case, the call would be elicited in the presence of a predator and a squirrel hearing the
call would show alert behavior. Overall, there has been very little research on this
subject. The objective of my study is to demonstrate that fox squirrel bark calls are
associated with predator risk. I will conduct a playback study in which I will observe
squirrel behavioral responses to bark calls. I predict that squirrels hearing bark calls will
show alert behavior, such as a tensed body position or possibly fleeing the scene. These
actions will closely resemble the behavior of a squirrel in the presence of a potential
predator. If the squirrels show a more alert posture when presented with a bark call, it
will indicate that they treat these calls as an alarm.
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Materials and Methods

The experiment followed two protocols - a stationary playback and a mobile
playback. Technical difficulties with the stationary protocol resulted in few reliable
results. Thus, I made modifications and adopted the mobile protocol to obtain a greater
sample size. The details of each are given below.

Stationary Playback Protocol.

The first method was used from June 2013 to September 2013. Squirrels were
trapped according to a set protocol using Tomahawk double-door live traps (squirrel
#203; 26 x 6 x 6 in) baited with salted peanuts (Koprowski, 1991). All traps were set
during the day between 0700 - 1800 h. (c. Salsbury approved IACUCprotocol #142).
Each captured animal was ear-tagged and marked with a black dye mark that allowed
for identification

from a distance. While captured, the subjects were weighed and their

gender and reproductive

state based on nipple and gonad condition was recorded.

Trapping efforts continued through September.

After a sample size of nearly 35 squirrels was marked, playback studies were
performed. The bark calls used were the same as those from a previous study by
Nicholson (2010 Butler University Biological Sciences Departmental Honors Thesis). The
calls were recorded on digital audio tape and each playback recording consisted of four
multi-tonal

barks that lasted roughly 3 seconds in length. Each bark was separated by 4

seconds of Silence, resulting in a 30 second audio recording. The recordings were of
local squirrels to prevent minute regional differences in vocal patterns from altering the
12

results. A control call was also used. This call was also 30 seconds in duration and
consisted of four notes of a male cardinal (Cardinalis cardinalis) mating song. The
recordings featured cardinals directly from the sampled region, like the fox squirrel calls.
There were 9 unique fox squirrel call and 7 unique cardinal call recordings. All calls were
used at least once, however some were used on multiple squirrels. The sound level of
both call types was standardized in the laboratory to 85-95 dB approximately 1 meter
from the playback speakers using a sound level meter.

Playback recordings were performed on Butler University's campus in
Indianapolis, IN. The areas where the video recording took place were baited with salted
peanuts prior to observations. The amplified speakers (SONYSRS-A27) were placed in
the center of the baited area. Through the use of a long connecting wire, I sat
approximately

15 meters from the speakers with a digital audio tape player (Tascam

DAT recorder system) and video recorder (SONYHDR CX-380 camcorder). After arriving
at a test site and placing all of the necessary equipment, I waited 15 minutes before
collecting any data to remove the chance that my disturbance would affect the results.
When a squirrel entered the area, it was identified by the dye mark. A number was
assigned to all available squirrel and cardinal calls and a random number generator
application was used to determine whether to use the squirrel call or the control call.
When a squirrel came within 5 meters of the speakers, I began the playback. The animal
was video recorded for 30 seconds prior to the call to establish a baseline of behavior.
The squirrel was then recorded for 30 seconds while the call was being played and 30
seconds after the call to determine the animal's alertness throughout the trial. It was
13

noted when the focal squirrel left the area prior to concluding the playback. There were
four common locations where I conducted the playback study. The locations were
comparable in size and landscape. All locations were in an open grass area located near
wooded spaces. All locations had a great deal of human activity and commonly had dogs
in the area as well. I conducted playback sessions between 0900 and 1800 h, as fox
squirrels are diurnal and active during these times (Steele and Koprowski, 2001).

The digital recordings were then analyzed in the lab using Microsoft Movie
Premium v. 7 video editing software. Most mammals have an easily recognizable alert
posture, involving a total lack of movement (Dunford, 1970). Each subject's behavior
was scored based on an ethogram developed for fox squirrels and used previously by
Nicholson. The observed responses fell into one of seven categories ranging from
immediately fleeing from the site to showing virtually no response. The more alert
behaviors earned a lower score. The exact characteristics of the each category are
outlined below.

1 - Run from site
2 - on 2 legs, fully erect / in tree: completely still and alert
3 - on 2 legs, hunched over / in tree: alert but moving
4 - on 4 legs, head up, no movement / in tree: somewhat alert
5 - on 4 legs, head down, no movement
6 - foraging, head up
7 - foraging, head down
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Each 30s video segment (pre-call, call, and post-call) was divided into six, 5
second units. The five second units were watched frame by frame using SONY
PlayMemories software v. 3.031. A score of the fox squirrel's behavior was assigned to
each 5 sec unit according to the ethogram. The video recordings were not viewed blind
(muted). Because the score was assigned based on strict posture criteria, this was not
considered to be necessary. Since the squirrels were typically feeding on the salted
peanuts in the area, alertness was easy to detect. The scores for behavior before,
during, and after the call were averaged and analyzed using a two-way repeated
measures ANOVA. The analyses compared the response behavior of squirrels exposed
to the bark call and those exposed to the control call before, during, and after each call,
as well as the responses of squirrels of different sexes and reproductive states.

Mobile Playback Protocol

The second procedure began in September 2013 and was performed through
January 2014. Under this protocol, squirrels were not trapped and marked, as this
greatly limited the sample size. Rather, I carried the same equipment used in the study
above with exception of the speaker, which was replaced with a RadioShack AMX 18
amplified speaker system. I walked with the equipment and performed a playback study
when I encountered a squirrel. The playbacks were conducted on the campus of Butler
University, in Tippecanoe River State Park in Winamac, IN, at the Indianapolis Art
Museum's 100 ACREwoods, and along the White River in Northern Indianapolis.
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Playback studies were performed between 900- 1500h. Also, no site was visited more
than once, to ensure that no squirrel was double-sampled.

When a fox squirrel was identified, I would attempt to move within 10 meters of
its location. A random number generator application was again used to determine the
call played. From there, I video recorded the squirrel for 90 seconds following the 3 - 30
second blocks outlined above.

The videos were again uploaded to a computer and analyzed frame-by-frame in
5s blocks using SONY PlayMemories software. Behavior was scored following the
ethogram above. The only difference in lab analysis from the first procedure was a
recording of the distance from subject as well as whether or not the subject was in a
tree at the beginning of playback. The scores assigned to each 5s block were averaged
together, giving an average score for each 30s segment. Statistical tests (two way
repeated measures ANOVA) were performed on the data to compare the responses
from fox squirrels hearing a squirrel bark and those hearing a control call.

Results

Stationary Protocol

I sampled 16 squirrels using the stationary protocol. The sample included 11
males and 5 females. Seven of the 16 were fox squirrels and the remaining 9 were gray
squirrels. Nine squirrels were observed during the

s. niger

call and 7 were observed

during the C. cardin a/is call. Sample sizes proved to be too small to successfully compare
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squirrels in different reproductive states. Furthermore, the sample size was too small to
effectively compare the differences between males and females.

S. niger call vs C. cardina/is

control call

The average pre-call, call, and post-call alert scores for both call types were
calculated (Figure 1). The results from both fox and gray squirrels were included in this
analysis. There was no significant difference in the average alert score for each call type
(F2,13=1.9411, P = 0.1830).

S. niger vs. S. caro/inensis

The average pre-call, call, and post-call scores for fox squirrels and gray squirrels
were calculated independently

(Figure 2, 3). There was no significant difference in

squirrel behavior by call type when divided by species. USingthe stationary protocol, fox
squirrels did not show more alert behavior to the S. niger call than the control (F2,6=
1.5731, P = 0.2823). Likewise, gray squirrels when exposed to a S. niger bark call showed
no reaction (F2,4=2.1067, P = 0.2372).

Mobile Protocol

I sampled 21 squirrels using the mobile protocol. The procedure focused solely
on fox squirrels and because the subjects were not captured beforehand, information
regarding sex and reproductive state was not available.
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-S.niger call vs. C. cardin a/is call

The average pre-call,
protocol

was recorded

(Figure 4). The S. niger call score was significantly

both the pre- and post-call

control

(F2,

17=

call, and post-call alert behavior scores for the mobile

13.3318,

P

lower than

scores for squirrels exposed to the bark call and to the

= 0.0001).

Discussion

The function
Since fox squirrels

of the characteristic
live in close proximity

bark of fox squirrels has never been reported.
to one another,

serves as an alert for nearby kin to be aware of a potential
behavior

could be evolutionarily

endanger

itself by making an identifiable

several nearby family
survival

(Hamilton,

generation
alerting

advantageous

surviving

individuals

success will diminish,

unmoving

relatives,

sound in the presence of a predator

Another

rationale

in the area of a potential

responded

for this behavior

predator,

is that by

the predator's

to a playback of a recorded

This posture was characterized

running for cover in a tree. This alert behavior

the subjects were played a cardinal call as a control.
squirrel

because

to ensure their own

leading it to abandon the area to search elsewhere

a more alert posture.

or rapidly

in the area. This

even though a squirrel would potentially

might be able to take precautions

In this study, fox squirrels
by assuming

predator

1964). The calling squirrel benefits from passing it genes to the next

through

other

members

it is possible that the bark

chance of
(Trivers, 1971).

fox squirrel call

as being fully erect,
was not seen when

The results indicate that the fox

bark does indeed serve as an alarm vocalization

in response to a predator.
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While this trend was seen in both the stationary and mobile protocols, only the mobile
protocol had a high enough statistical power to render a conclusive result. The failure of
the stationary playback protocol to yield significant results may be due to an equipment
failure during the study. After roughly 4 weeks of sampling using the stationary
protocol, I discovered that the fox squirrel and cardinal calls produced from the speaker
were coming out at a volume much less than the 85 -95dB. To remain consistent with
the rest of my collected data, I did not replace the audio speakers for the stationary
playback study. The speakers were replaced for the mobile protocol.

This research compliments other studies that have documented similar alarm
calls in tree squirrels. Christopher Smith (1978) found that both red squirrels
(Tamiasciurus

hudsonicus)

and Douglas squirrels (T. doug/asii) deliver a characteristic

chirp when in the presence of common predators such as horned owls, long-tailed
weasels, Cooper's hawks, and falcons. These chirps were classified as alarm calls and
their specific tonality and frequency were recorded. However, unlike my study, Smith
did not directly test a squirrel's reaction to a playback of this call to provide evidence for
this conclusion.

Significant behavioral changes have been observed in tree squirrels during
various times in the reproductive cycle (Webster et aI., 1985). It is possible that a caller
would be more or less likely to emit an alarm call depending on their reproductive state.
Because the personal risk of vocalizing in the presence of a predator is more
accentuated when a female is carrying young or nursing, it would be understandable for
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that individual to abstain from producing alarm vocalizations. Hopefully, future studies
will gather evidence for this supposition.
While my study was able to provide substantial evidence that the fox squirrel
bark is an alarm call, the study faced limitations. The lack of a predator could have
altered a fox squirrel's reaction to the playback. It has been suggested that fox squirrel
vocalizations contain semantic information about the type of predator, its location, and
the surrounding environment. In an urban environment, fox squirrel predation levels are
low (Coss, 1999; McCleery, et aI., 2009). Therefore, during my study, when a predator
was not visible during an alarm vocalization, a squirrel might not react as dramatically to
the fox squirrel call or return to its baseline behavior quickly.

The mobile protocol proved to be most effective in generating a large enough
sample size to reach a definitive conclusion. However, this approach provided very
limited information about the sample group. Unlike the stationary protocol, sex, size,
and reproductive state were unknown for each squirrel sampled. Within the stationary
protocol, however, the sample size was too small to test these variables. As seen in
several studies on ground squirrels, different sexes of squirrels might react differently to
a call and these results can help provide clarity for the evolutionary function of these
alarm vocalizations (Dunford 1977; Legar and Owings 1978; Davis 1984; Sherman, 1985).

Future studies could expand upon this work by using reproductive state data to
compare the reaction of pregnant and nesting mothers to non-nesting mothers and
males. At the onset of my study, I had hoped to sample both urban and rural squirrels to
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~---------------see if regular exposure to humans affected the response of squirrels to the alarm call.
Unfortunately,

no squirrels from rural areas were able to be sampled. Attempts were

made using the stationary protocol in secluded forests around Winamac, IN, but even
when the sampling site was filled with salted peanuts as bait, no squirrels ever
approached the area. It was assumed that my presence, even several meters away from
the sampling location, deterred squirrels from emerging. Hopefully, future research can
provide more understanding to the differences that might occur here.
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Figures

Figure 1. The mean behavior of fox and gray squirrels observed using the stationary
protocol during pre-call, call, and post-call 30 second increments. The behavior score

was determined using a specified protocol where low scores indicated more alert
behavior. Error bars represent standard deviation.

Figure 2. The mean behavior of fox squirrels exposed to S. niger call vs. C. cardinalis
observed using the stationary
increments.

protocol during pre-call, call, and post-call 30 second

The behavior score was determined using a specified protocol where low

scores indicated more alert behavior. Error bars represent standard deviation.

Figure 3. The mean behavior of gray squirrels exposed to S. niger call vs. C. cardinalis
observed using the stationary
increments.

protocol during pre-call, call, and post-call 30 second

The behavior score was determined using a specified protocol where low

scores indicated more alert behavior. Error bars represent standard deviation.

Figure 4. The mean behavior of fox squirrels observed using the mobile protocol
during pre-call, call, and post-call 30 second increments.

The behavior score was

determined using a specified protocol where low scores indicated more alert behavior.
Error bars represent standard deviation.
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Appendix

A

Average Alert Behavior Scores

by Individual over three 30 second intervals.

Stationary
Protocol
S. niger
S.niger

call

3

Call
2.6

4.2

3.2

Pre-Call

PostCall
3

Pre-Call
3.4

7

C. Cardin a/is
call
PostCall
Call
4.2

3.4

6.8

6.6

6.8
3

5.4

5.2

6.2

6.2

3.6

6
5

2.8
4.6

1

3

6.4

3.8

5.6

6.2

1

1

5.2

2.6

5.2

6

2.2

2

3.6

3.6

3.6

6.6

6.4

6.4

S. caro/inesis

4

2.4

2

6.6

4.4

6.2

Mobile Protocol
Pre-call
6

Call
2.67

Postcall

Postcall
4.67

Pre-Call
6.67

5.83

6.33

5.33

6

Call

6

2

5.33

6

3.67

2

4.33

4.67

5.17

6

2.67

3

2.5

6

4.33

5.67

6.17

3.17

5.67

6

6

6

6.33

6.33

6.33

6.33

5.67

6

7
6.5
6

2.17
3.33

5.33
4

6.5
6.5

2.67

4.67

6

6.67

1.83

4.67

6.17

3.5
1.17

6.33

4.33

6

3.33

2

6
6.5
6.67

N/A
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